The pairing of Sophora flavescens and Fructus Ligustri lucidi is taken from Shi Jinmo Medicine. The idea behind this pairing was inspired by the similarity in pharmacological effects of the two herbal drugs, both of which are known to be effective in the treatment and protection against liver fibrosis. To quantitatively study the extent of the interaction between these drugs and the effect of pairing on the treatment of liver fibrosis, an animal model of liver fibrosis mice was established by intraperitoneal injection of low-dose carbon tetrachloride. The drugs were then administered individually, or in predefined compatibility ratio pairs, by gavage, and the effects on indexes of liver fibrosis were observed. The multisynthetic index method was adopted using Matlab software in order to construct a three-dimensional response surface map of the integration effect and conduct interaction analysis of Sophora flavescens and Fructus Ligustri lucidi. The quadratic surface fitting pattern was designed by quadratic regression to determine the optimal range of each drug. The obtained results show that when the compatibility ratio of Sophora flavescens-Fructus Ligustri lucidi drug pairs is less than or equal to 1:1, their therapeutic effect is enhanced by synergy (interaction value ranging between -0.2 and -1). Overall, the synergy of the high-dose drug pairs is stronger than that of the low-dose drug pairs. The optimal dose ranges are 6∼12 g and 8∼17 g for Sophora flavescens and Fructus Ligustri lucidi, respectively.
Introduction
A drug pair is a relatively fixed combination of two compatible medicines that interact synergistically in the treatment of particular ailments and infections. Such pairing of drugs, especially herbal drugs, is a technique that has been commonly used in traditional Chinese medicine (TCM), and it is the basic form of compatibility of TCM. Combining drugs alters the pharmacological and toxicological effects of the individual components, which may enhance their potency by synergistic effect. The interactions between the multiple natural components comprising a TCM are complex, and, thus, its mechanism of action is more complicated than that of single active component chemical drugs [1] [2] [3] [4] [5] .
Hepatic fibrosis refers to the proliferation of connective tissue in the liver caused by varieties in that areas. It is a collection of various types of chronic liver diseases that lead to liver pathogenic factors, leading to pathological excessive deposition of diffuse extracellular matrix in those areas. It is a collection of various types of chronic liver diseases that lead to liver cirrhosis [6, 7] . When liver fibrosis develops into cirrhosis, normal liver function is severely impaired. However, according to the literature, liver fibrosis is reversible, which allows for the possibility of intervention and treatment by early drugs [8] [9] [10] . Therefore, it is necessary to find effective drugs to prevent liver tissue damage and treat liver fibrosis. At present, studies have shown that many TCMs have a significant effect on the treatment of liver fibrosis, as well as very good clinical application prospects [4, 5, 11] . Liver fibrosis may be chemically induced in animals using hepatotoxic agents, such as paracetamol, galactosamine, thioacetamide, and carbon tetrachloride (CCl4). The most commonly used agent is CCl4, as it processes the greatest potency for causing liver damage and fibrosis in animals. Moreover, it is stable and easy to manipulate. Induced liver fibrosis in animals is very similar to that observed in humans in terms of morphology, cellular biochemistry, and molecular changes [12] . When carbon tetrachloride (CCl4) enters the hepatic microsomes of the mouse, it affects the metabolism of hepatic cytochrome P450-dependent mixed functional oxidase in the endoplasmic reticulum of hepatocytes. This leads to the production of trichloromethyl radicals and chlorine radicals, which ultimately results in an increase in hepatocytes. In terms of molecular binding, CCl4 attacks unsaturated lipid membranes, thus, producing free radicals of reactive oxygen and triggering lipid peroxidation, which leads to liver damage, deformation, and necrosis. Long-term exposure to carbon tetrachloride in mice eventually leads to liver fiber generation [13] [14] [15] . Larger concentrations of carbon tetrachloride can immediately lead to liver damage, but the mortality risk would be high. The drug pair of Sophora flavescens-Fructus Ligustri lucidi is based on description in the work Shi Jinmo Medicine. It is commonly used in clinical settings to protect against or to treat liver fibrosis. Sophora flavescens is a dry root that has anti-inflammatory, antifibrosis, antiliver cancer, antitumor, and other pharmacological effects [16, 17] . Meanwhile, Fructus Ligustri lucidi is a dry ripe fruit of the genus Oleaceae that nourishes and protects the liver and kidneys [18] . Sophora flavescens suppresses the immunity, whereas Fructus Ligustri lucidi enhances it. The combination of the two herbs shows good therapeutic effect on various cancers.
The response surface method (RSM) is mostly used to optimize the extraction process of active ingredients of TCM [19, 20] . Recently, it has also been used to qualitatively and quantitatively investigate the pharmacodynamic interactions between drugs, as well as find the optimal threshold response range between drugs, leading to the variations in proportions and doses. Thus, the quantitative analysis of pharmacodynamic reactions/effects in drugs is more important than qualitative analysis.
Regarding best therapeutic effect and minimal adverse reactions [21] [22] [23] [24] , the study of pharmacodynamic interactions plays a very important role in guiding clinical medication and quantitative research can reflect the interaction between drugs more intuitively than other kinds of research [14, 15] . The drug interactions in TCMs are more complex due to variations in proportions and doses. Thus, the quantitative analysis of pharmacodynamic reactions/effects in drugs is more important than qualitative analysis.
In this study, we investigate the dose-effective relationship between Sophora flavescens and Fructus Ligustri lucidi, the two components of an herbal drug pair commonly used in TCM to treat hepatic fibrosis. Due to the complexity of the interactions between these two components, a single indicator cannot indicate the changes in the law of effectiveness. Therefore, in order to comprehensively evaluate the efficacy of the drug, various indicators of liver fibrosis were standardized and associated with different weight coefficients. By using the multi-indicator effective evaluation method, a suitable mathematical model was established. The response surface method was then used for a better indication of drug pairing interactions and the evaluation of the optimal range of effectiveness.
According to the literature, the active ingredients and pharmacodynamics of the two single drugs were studied separately. At present, there are no reports of the pair of Sophora flavescens-Fructus Ligustri lucidi [1, 2, [25] [26] [27] .
Different proportions of Sophora flavescens-Fructus Ligustri lucidi have been studied for their effects on the concentration of matrine, oxymatrine, and specnuezhenide, and the pharmacological effects of the drug pairs have been studied further. Figure 1 shows the chemical structure of the three active ingredients. Here, for the first time, the modern analysis method was used to quantitatively analyze the change of the compatibility effect of Sophora flavescens-Fructus Ligustri lucidi by integrating indicators with a multi-index composite index method with analysis of integration results using response surface analysis to establish the law of the interaction of Sophora flavescens and Fructus Ligustri lucidi on the treatment of liver fibrosis and the optimal range of drug use. The rationality and scientificity of the compatibility of Sophora flavescens and Fructus Ligustri lucidi are discussed here from the perspective of treatment of liver fibrosis and liver protection, which provides a scientific basis for the clinical assessment of the rational compatibility of Sophora flavescens and Fructus Ligustri lucidi. 
Materials and Methods

. . Preparation of Sophora Flavescens and Fructus Ligustri
Lucidi Lucidum on Water Decoction. A set of seven Sophora flavescens-Fructus Ligustri lucidi drug pairs were prepared at ratios of 1:0, 0:1, 1:1, 1:2, 2:1, 1:3 (m:m), and 3:1. Three subsets of each set were prepared to achieve high, medium, and low dosage of single or combined drug. The different dosages were prepared by varying the amount of Sophora flavescens between 4.5 and 9.0 g, and that of Fructus Ligustri lucidi was between 6.0 and 12.0 g, based on the Chinese Pharmacopoeia. Thus, the high, medium, and low doses of the 1:0 drug pair were set at 9.0 g, 7.0 g, and 4.0 g, respectively, and those of the 0:1 pair were set at 12.0 g, 10.0 g, and 6.0 g, respectively. Upon weighing and mixing the appropriate amounts of the drugs for every pair, the mixture was soaked in distilled water for 1 hour and then boiled and simmered for 30 minutes. The amount of water used for each pair was determined such that it is four times the amount of the drug mixture. After bench cooling, the aqueous solution containing the drugs was collected by filtration. The process was repeated twice to ensure complete extraction, and the combined extract was then evaporated under vacuum, to maximize the drug concentrations. The samples were then stored in a refrigerator for further analysis.
. . Establishment of Animal Grouping, Liver Fibrosis Model, and Drug Delivery. Clean male KM mice weighing somewhere between 18 and 22 g were provided by the Animal Center of Harbin Medical University, with certificate number SCXK2013-001. The mice were numbered and randomly divided into 24 groups of 10 animals each. The groups were the normal group, model group, and western medicine group, as well as 21 Chinese medicine groups, each of which was treated by one of the seven sets of drug pairs at low, medium, or high dosage, prepared in this study. All of the groups were given the same free diet and drinking water. To induce liver fibrosis, all of the groups, except for the normal group, were intraperitoneally injected with 0.5% CCl4 solution prepared by dissolving 0.75 ml of CCl4, analytical pure grade, in 149.25 ml of peanut oil, at a dosage of 10 l/g, once every 2 days for 6 weeks. The normal groups were intraperitoneally injected with peanut oil solution.
According to the human and animal body surface area conversion scale and the mice used (mouse dosage = human clinical dose × 0.0026/0.02 mg/kg), each group within the model was gavaged according to the corresponding drug concentration, 10 l/g, 1 time/day for 6 weeks. The normal group and the western medicine group were all given the same amount of normal saline under the same conditions.
. . Material and Indicator Detection. After the last administration, the rats were fasted for 8 h. Blood was taken off the eyeball and the serum was centrifuged at 2000 r/min for 15 min. The serum was than separated and the ALT, AST, and ALP activities were detected by colorimetric method according to the kit instructions. The mice were dissected and the livers were removed and weighed. The liver index (HI) was calculated using the formula: HI = liver wet weight (mg)/mouse weight (mg). The same part of the left lobe of each liver was taken and centrifuged at 2000 r/min for 10 min in 10% liver homogenate. The supernatant was collected and the contents of SOD and MDA were measured by colorimetric method according to the kit instructions.
. . Liver Pathology Test. The liver of the mouse was rinsed to colorless, blotted dry with a filter paper and then weighed. Equal size portions of the tissue block were cut from the right lobe of the liver and fixed in 10% neutral formaldehyde solution. The tissue block was then dehydrated, waxed, sliced, and stained by HE. Finally, the pathological changes of liver tissue were observed under light microscope.
. . Statistical Analysis of Experimental Data. Statistical analysis was performed using SPSS11.0 statistical analysis software. The experimental results were expressed as x±s, using one-way variance. Analysis of variance was performed in order to compare between the different groups. The orderly qualitative data were compared by groups using nonparametric test methods. The difference was statistically significant with P < 0.05.
. . Integration Effect of Multiple Indicators.
According to the multi-index comprehensive method, effective integration of multiple indicators was detected. Each indicator data was subjected to singulation; i.e., standardization = (administration group -model group) / (normal group -model group). In the past decade, 128 articles related to liver fibrosis were examined, in which the AST and ALT detected were 82 followed by 64 MDA, 62 SOD, 30 HI, and 24 ALP. The peer experts also examined the correlation between various indicators and liver fibrosis. In reference to that, the indicators had been compared to the frequency statistics reported in the literature on liver fibrosis in the past decade. The weight coefficient of each index was given independently and the expert score was determined. The coefficient of each index was determined as follows: AST, ALT is 3, MDA, SOD is 2, HI, ALP is 1. The total effect value (TE) of the therapeutic efficiency of the drug on liver fibrosis in mice was obtained by multiplying the normalized value of each indicator data by the additive value of each weight coefficient.
. . Establishment of the Pharmacodynamics Mathematical Model of Sophora flavescens-Ligustrum lucidum and the Response Surface of the Drug to the Interaction Range.
After integrating the values of various indicators by the multiindex comprehensive index method, the nonlinear regression method was used to determine the parameters of the doseresponse curve. The response surface model and the map of the integration effect of Sophora flavescens and Fructus Ligustrum lucidum were established in 3D and constructed by Matlab software. Interaction analysis was also carried out, and the quadratic surface fitting pattern was obtained by quadratic regression design. Ultimately, the optimal compatibility range of every drug pair was determined. In order to simplify the drawing and improve comprehensibility, the composite index is reduced by 1, with 0 as a typical additive.
Results and Discussion
.
. Appearance and Pathological Observation of Liver Cell
Damage. The mice in the normal group were agile with shiny and dense coats, and they had a regular diet and were drinking water. Their livers had a rosy appearance, smooth surface, and soft texture, with no adhesion to surrounding tissues. A microscope examination (Figure 2) showed that the liver tissue of the normal group mice was clear, with uniform hepatocyte size, and there were no signs of degeneration or necrosis. The structure of the hepatic lobule was well-defined, and the hepatocyte cords in the lobules were arranged neatly. Liver fibrosis mice showed relatively slow movements, mental dysfunction, yellow and sparse hair, and loss of appetite. The surfaces of their livers appeared to be slightly rough in texture. Under microscopic observation (Figure 2) , the normal structure of the liver tissue was found to be destroyed, and the hepatic cord arrangement was disordered. A proliferation of fibrous tissue was observed, along with a disappearance of the lobular structure of the liver, and the appearance of balloon-like cells, indicative of steatosis. Finally, a large number of inflammatory cells were seen around the portal area and the central vein. The infiltration observation showed a significant difference between the liver fibrosis model group and the normal group, with P < 0.05.
After single or combined drug treatment, the liver state was significantly improved. The extent of therapeutic effectiveness depended on the compatibility ratio of the drug pair. However, none of the seven investigated treatment sets could fully restore the liver to its normal state (Figure 2 ).
. . Changes in Various Indicators and Liver Index. As can be seen from Table 1 , compared to the normal group, the ALT, AST, MDA, ALP, and HI levels in the model group are significantly increased (P < 0.01), whereas the SOD level is greatly decreased (P < 0.01), indicating that liver fibrosis in the model group of mice was successfully achieved. A comparison of the results obtained for the Sophora flavescens single-drug treatment groups and those of the model group shows that the low-dose treatment had no significant effect on various indexes and, thus, has minimal therapeutic potency. The medium dose treatment significantly increased the SOD level (P < 0.05) and decreased the MDA level (P < 0.05), but it did not have any effect on other indicators. The group treated with high-dose Sophora flavescens presented a decrease in AST, MDA, HI, and ALP levels (P < 0.01), as well as a more potent decrease in SOD levels (P < 0.05). However, there was no significant improvement pertaining to the ALP index. The results indicate that only the high-dose Sophora flavescens treatment is effective in curing liver fibrosis in mice. The therapeutic effectiveness of Fructus Ligustri lucidi was also evaluated by studying the influence of the low, medium, and high dosage single-drug treatments on the various indicators, as compared to the model group. The comparison shows that the low-dose treatment increased the SOD level (P < 0.01) and decreased the HI level (P < 0.01), but it had no significant effect on the other indicators. Meanwhile, the medium dose treatment only affected the levels of SOD, AST, and HI (P < 0.05), significantly. Finally, the high-dose treatment had a considerable effect on decreasing the levels of AST, MDA, HLP, and HI (P < 0.05), and increasing the levels of SOD levels (P < 0.01). Similar to Sophora flavescens singledrug treatment, no major improvement in the ALP index was observed for Fructus Ligustri lucidi, even in the case of the high-dose treatment. Again, the results show that, among the three investigated subsets, only the high-dose treatment exhibits appreciable therapeutic potency.
All of the investigated subsets, low, medium, and highdose, of the Sophora flavescens-Fructus Ligustri lucidi drug pair showed significantly decreased levels of ALT, AST, MDA, ALP, and HI (P < 0.05) compared to the model group, except for the 3:1 subsets that did not have a significant effect on ALT levels. Meanwhile, these groups, including the 3:1 ratio groups, all exhibited a considerable increase in SOD levels (P < 0.05).
To summarize, Sophora flavescens and Fructus Ligustri lucidi are both effective in treating liver fibrosis as single drugs, but only at high dosage. However, the therapeutic effect is substantially improved when the drugs are paired, which is indicative of synergistic behavior.
. . Standardized Values and Integration Effects of Various
Indicators. The multi-index comprehensive index method was used to standardize and integrate the indicators and liver indexes. The results are shown in Table 2 . In the Chinese Pharmacopoeia, within the scope of the two single drugs, the therapeutic effects of Sophora flavescens and Fructus Ligustri lucidi on liver fibrosis mice were positively correlated with the dose; i.e., the higher the drug dose, the more effective the treatment. This trend is maintained for all of the investigated drug pairs, at different ratios and dosages, except for the 1:1 drug pairs. Surprisingly, the 1:1 drug pairs exhibit higher potency at low and medium doses than at high doses. The most effective drug pair was found to be the 1:2 high-dose Sophora flavescens-Fructus Ligustri lucidi pair, whereas the 3:1 low-dose pair showed the least effectiveness, medium dose; the other 4 ratios were treated with high-dose > medium dose > low-dose. Among the ratios of Sophora flavescens and Fructus Ligustri lucidi, the 1:2 high-dose group had the best treatment effect, and the 3:1 low-dose group had the worst treatment effect.
. . Evaluation of the Interaction between Sophora flavescensFructus Ligustri Lucidi and the Determination of the Optimal
Drug Use Range. In the three-dimensional response surface diagram presented in Figure 3 , the depth of the color represents the strength of the interaction between the two drugs. If the calculated value of the comprehensive index is close to 0, then the drugs are additive, and their interaction is represented by the green color. Meanwhile, a comprehensive index value close to 1 is indicative of an antagonistic effect between the drugs, which is represented by the yellow color. An index close to -1 signifies a synergistic relationship between the drugs and is represented by the blue color. The higher the index value, the greater the intensity of the interaction and the depth of the color in the diagram.
As shown in Figure 3 , which depicts the response surface, the dug pair of Sophora flavescens-Fructus Ligustri lucidi has a synergistic effect on more than half of the regions. As shown in Figure 4 that when bitterness participates in the dose compatibility of Fructus Ligustri lucidi <1:1, it has a synergistic effect (the interaction value is 0 to -1), especially when the ratio of Sophora flavescens-Fructus Ligustri lucidi is 1:2, the treatment showed a strong synergistic effect (the part with an interaction value of -1), and, regarding the overall effect of the drug pair, the synergy observed in the high-dose group was more pronounced than that of in the low-dose group.
The quadratic surface fitting design, determined using Matlab software, is shown in Figure 5 . This design is used to evaluate the compatibility dose ranges of the investigated drug pairs. The ranges characterized by a deep red color exhibit the highest efficacy of the Sophora flavescens-Fructus Ligustri lucidi drug pair. As can be seen from the contour diagram depicted in Figure 6 , when the two herbal drugs are combined together, the best dosage range is 6∼12 g for Sophora flavescens and 8∼17 g for Fructus Ligustri lucidi.
. . Discussion. In this study, blood liver related indicators were used to examine the therapeutic effects of Sophora flavescens and Fructus Ligustri lucidi on liver fibrosis in mice. The disease was induced via intraperitoneal injections of carbon tetrachloride in peanut oil solution. It was found that these injections decreased the levels of ALT, AST, MDA, and ALP, while significantly increasing SOD levels. The liver index (HI) was appreciably decreased, indicating that liver fibrosis was successfully established.
In the western medicine group of mice, the positive control group, liver fibrosis was treated using colchicine, a chemically synthesized medicine that is known to inhibit the deposition of collagen tissue in liver tissue caused by CCl 4 [28] . Colchicine also improves impaired liver function and 8 Evidence-Based Complementary and Alternative Medicine is effective in preventing CCl4-induced liver fibrosis. Many studies related to drug treatment of carbon tetrachlorideinduced liver fibrosis have also used colchicine in positive control groups [7, 14, 15] . It is also cheap and readily available. For this reason, studies such as the present work on carbon tetrachloride-induced liver fibrosis can also use colchicine as a positive control group.
All of the other investigated groups were treated with Sophora flavescens and/or Fructus Ligustri lucidi, at varying combination ratios and dosages. The results showed that the pairing of the two drugs significantly enhanced their therapeutic efficiency. The analysis of the 3D response surface graph showed that the strength of the interaction between the two herbal drugs depends on the particular combination ratio and dose. For example, drug pairs wherein the content of Sophora flavescens is less than that of Fructus Ligustri lucidi exhibit improved therapeutic potency, due to synergistic effects. The drug combination showing the highest potency is the 1:2 Sophora flavescens-Fructus Ligustri lucidi combination, for which the synergistic intensity is -1.
To determine the optimal dose range for each herbal drug, quadric surface fitting analysis was performed using Matlab. The results indicated that the optimal range for Sophora flavescens is 6∼12 g, whereas that of Fructus Ligustri lucidi is 8∼17 g. When viewed with the analysis of the degree of interaction, it can be determined that when the dosage of Sophora flavescens is higher than that of Fructus Ligustri lucidi within this range, this drug can exert the maximum efficacy. These ranges are very similar to those reported in Shi Jinmo Medicine (6∼10 g for Sophora flavescens and 10∼15 g of Fructus Ligustri lucidi).
The effect of combination ratio of the investigated drug pairs on the content of the three active components (matrine, oxymatrine, and specnuezhenide) and their dissolution was studied. There were different ratios of Sophora flavescensFructus Ligustri lucidi (1:3, 1:2, 1:1, 2:1, 3:1), when compared with the single-taste medicine of Sophora flavescens; the content of oxymatrine of matrine increased with the proportion of Sophora flavescens and the dissolution rate of matrine increased with the proportion of compatibility. However, the dissolution rate of oxymatrine increased with the compatibility ratio of 3:1, 2:1, and 1:1, and the dissolution rate peaked when the compatibility ratio was 1:2. When the compatibility ratio was 1:3, the dissolution rate decreased but only after 3:1. Compared with the single-drug medicine of Fructus Ligustri lucidi, the content of specnuezhenide increases with the increasing proportion of Fructus Ligustri lucidi. When the compatibility ratio was 3:1, 2:1, 1:1, and 1:2, the dissolution rate of the specnuezhenide increases with the decrease of the compatibility ratio. When the compatibility ratio was 1:3, the dissolution rate of specnuezhenide was second only to the compatibility ratio at 1:2. When the compatibility ratio was 3:1, 2:1, 1:1, and 1:2, the total content and dissolution rate of the three active ingredients were all the highest at 1:2 and when the compatibility ratio is 1:3, the total content and dissolution rate of the active ingredients are second only to 1:2. Therefore, when the ratio of matrine to the mixture of Sophora flavescens-Fructus Ligustri lucidi is <1:1, it is conducive to the dissolution of the effective components of matrine, oxymatrine, and specnuezhenide. When the ratio is 1:2, the total content and total dissolution rate of matrine, oxymatrine, and specnuezhenide reach the highest value.
Jing Minqi [29] reported that oxymatrine of matrine is the main active ingredient in Sophora flavescens, and it has pharmacological effects such as antitumor and antifibrotic effects. Hu Dongmei [30] reported that the specnuezhenide is a characteristic active component of Fructus Ligustri lucidi and is that it has a high level of ciliated cyclic iridoid glycosides in the Ligustrum. It has pharmacological effects such as hepatoprotective, anti-inflammatory, and antitumor effects. For this reason, this study combines the effects of different ratios of the early matrine and Ligustrum lucidum on the content and dissolution of three active ingredients in Sophora flavescens and Ligustrum lucidum. We here observed Sophora flavescens-Ligustrum lucidum at different ratios, showing differences in the degree and extent of synergy, antagonism. It is closely related to changes in its active ingredients.
Conclusion
The results show that drug pairs with compatibility ratios < 1:1 exhibit improved therapeutic efficiency compared to the individual drugs, due to synergistic effects. The strongest synergy and greatest healing potency were observed for the 1:2 Sophora flavescens-Fructus Ligustri lucidi drug pair. In general, the overall performance of the high-dose drug pairs was stronger than that of the low-dose drug pairs. Quadric surface fitting analysis, carried out using Matlab, showed that the optimal dosage range for Sophora flavescens is 6∼12 g, whereas that of Fructus Ligustri lucidi is 8∼17 g, compared to 6∼10 g and 10∼15 g, respectively, as reported in Shi Jinmo Medicine. To a certain extent, the similarity between the reported values and those calculated in this study proves the rationality of classic ancient prescriptions, and it provides a scientific basis for the clinical use of traditional Chinese medicine. This research provides insight into the science of drug pairing, and it is valuable in guiding the clinical use of Sophora flavescens and Fructus Ligustri lucidi herbal drugs.
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